
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



REVIEW
Twenty-First Century Viral Pandemics: A Literature Review of Sexual
Transmission and Fertility Implications in Men
Kelly Payne, BA,1 Peter Kenny, BS,1 Jason M. Scovell, PhD,1,2 Kajal Khodamoradi, PhD,3 and
Ranjith Ramasamy, MD3
ABSTRACT
Received Ap
1Scott Depa
USA;
2Departmen
land Clinic,

3Departmen
Miami, FL,

Copyright ª
Elsevier Inc.
https://doi.o

518
Introduction: The 21st century has seen a series of viral pandemics that have collectively infected millions of
individuals. To understand factors that may contribute to viral spread and address long-term health sequelae for
survivors, it is important to review evidence regarding viral presence in semen, sexual transmission potential, and
possible effects on fertility.

Aim: To review the current literature regarding the sexual transmissibility of recent viral pandemics and their
effects on semen parameters and fertility. We review evidence for the following viruses: Ebola, Zika, West Nile,
pandemic influenza, severe acute respiratory syndrome (SARS), and SARS-corona virus-2 (SARS-CoV-2).

Methods: A literature search was conducted to identify relevant studies. Titles and abstracts were reviewed for
relevance. References from identified articles were searched and included, if appropriate.

Main Outcome Measures: The main outcome measure of this study was reviewing of peer-reviewed literature.

Results: Both the Ebola virus and Zika virus are present in semen, but only the Zika virus shows consistent
evidence of sexual transmission. Current evidence does not support the presence of the West Nile virus,
pandemic influenza, SARS, and SARS-CoV-2 in semen. The Zika virus appears to alter semen parameters in a
way that diminishes fertility, but the effect is likely time limited. The West Nile virus and SARS have been
associated with orchitis in a small number of case reports. Viruses that cause febrile illness, such as pandemic
influenza, SARS, and SARS-CoV-2, are associated with decreased sperm count and motility and abnormal
morphology. SARS and SARS-CoV-2 may interact with angiotensin-converting enzyme 2 receptors present in
the testes, which could impact spermatogenesis.

Conclusions: We have reported the presence in semen, sexual transmission potential, and fertility side effects of
recent viral pandemics. Overall, semen studies and fertility effects are highly understudied in viral pandemics, and
rigorous study on these topics should be undertaken as novel pandemics emerge. Payne K, Kenny P, Scovell
JM, et al. Twenty-First Century Viral Pandemics: A Literature Review of Sexual Transmission and Fertility
Implications for Men. Sex Med Rev 2020;8:518e530.
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corner of the globe.1 As one potential means of controlling viral
spread, it is necessary to understand what viruses are present in
semen, how long they remain detectable, and what their po-
tential is for sexual transmission from male to female partners. In
addition, with so many survivors of viral pandemics alive today,
knowledge is needed about how these viruses affect the male
genital tract and what implications they may have for future
fertility.2 Despite the importance of these questions, to our
knowledge, these topics have not yet been the subject of sys-
tematic review. Here, we detail several important foundational
principles that affect viral infection in the testes and comment on
the differences in immune response seen between men and
women. Then, we present the state of current research regarding
presence in semen, sexual transmission, and fertility effects for
Sex Med Rev 2020;8:518e530
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the Zika virus (ZIKV), Ebola virus (EBOV), West Nile virus
(WNV), pandemic influenza, severe acute respiratory syndrome
(SARS), and SARS-coronavirus-2 (SARS-CoV-2) (Table 1).
METHODS

A literature search of PubMed, Embase, Cochrane, Ovid, and
clinicaltrials.gov was conducted by 2 independent authors, K.P.
and P.K. The literature search was limited to English publica-
tions or publications translated into English, and databases were
searched from dates of their inception to June 2020. Articles with
only abstracts available were included. To review the immune
status of the testes, searches were conducted using the following
keywords: testes, immune privilege, and blood-testes barrier. To
review the difference in immune response between men and
women, searches were conducted with the following keywords:
gender difference in immune response and sex difference in
immune response. Searches were also conducted for each of the
recent viral pandemics with the following key words separated by
“OR”: genitalia, testis, orchitis, prostate, reproductive, semen,
sperm, hormones, endocrine, luteinizing hormone, follicle-
stimulating hormone, gonadotropins, testosterone, fertility,
fecundity, sexual transmission, erectile function, erectile
dysfunction, sexual function, sexual dysfunction, and libido.
Case studies, case series, reviews, and meta-analyses were
included. Both human, animal, and basic science data were
included. For each viral pandemic, articles were selected if they
met any of the following inclusion criteria: discussion of semen
parameters, identification of virus location within the genital
tract, discussion of sexual transmission, or discussion of fertility
related processes including spermatogenesis, libido, and sexual
function. Article titles and abstracts were reviewed by K.P. and
P.K. to identify 222 relevant studies. Full-text articles were then
reviewed to determine if they met the stated selection criteria,
yielding 105 total articles (Figure 1).
Table 1. Viral presence in semen, evidence of sexual transmission, an

Virus
Present in semen,
maximum detection (d)

Evid
tran

Zika Yes, 370 Yes

Ebola Yes, 965 Rare
West Nile No No
Influenza No No

SARS No No

SARS-CoV-2 No No

Sex Med Rev 2020;8:518e530
Testes as an Immune-Privileged Site
In any consideration of viral infection of testicular tissue and

seminal fluid, it is important to review the function of the blood-
testis barrier (BTB). The BTB provides protection from auto-
immune cell destruction, making the testes an immune-
privileged site. Evolving understanding of the BTB indicates
that it comprises both a physical component and an immune
regulatory component.3

The physical component of the BTB comprises a layer of
Sertoli cells connected by tight junctions, separating undiffer-
entiated spermatogonia from differentiating germ cells in the
form of spermatocytes, spermatids, and spermatozoa.4 Local
immunosuppression is carried out by constitutive expression of
anti-inflammatory factors by testicular cells, most prominently
transforming growth factor beta.5,6

Testosterone plays an additional role in establishing immune
privilege by regulating the numbers of testicular macrophages
and lymphocytes and downregulating their expression of proin-
flammatory transcription factors, cytokines, and adhesion mol-
ecules.4 An in vitro study that treated macrophages with
testosterone demonstrated decreased expression of Toll-like re-
ceptor 4 and reduced sensitivity of Toll-like receptor 4 to lipo-
polysaccharide, a key antigenic molecule for identifying foreign
pathogens.7 Furthermore, a study of rats pretreated with estrogen
to suppress testosterone production showed a much more rapid
rejection of an intratesticular allograft than untreated controls,
underscoring testosterone's immune-modulating effects.8

Despite its immune-privileged nature, the testicular environ-
ment is still capable of mounting an effective inflammatory
response. In fact, the testes are of equal susceptibility to infection
as any other tissue type.9 Given the suppression of adaptive
immune mechanisms, it is simply more reliant on the innate
immune mechanisms of macrophages, natural killer cells, and
antimicrobial secretory products such as interferons and
d effects on semen parameters

ence of sexual
smission Effects on semen parameters

Transient reduction in sperm count
and alteration in morphology
(recovered at 120 d)33; impaired
motility at 1 y43

instances No known effects
Single case report of orchitis74

Transient reduction in sperm count
(recovered at 79 days) and motility
(recovered at 58 days), increased
DNA fragmentation index8

Gross testicular atrophy,93,94 possible
autoimmune orchitis94

Possible autoimmune orchitis102

http://clinicaltrials.gov


Figure 1. Flow diagram of literature review.

520 Payne et al
defensins.2,10,11 Nonetheless, there is evidence that the testes can
act as a reservoir for pathogens that are no longer detectable
systemically.12 Jenabian et al13 have found that in the testicles of
men with HIV, HIV viral RNA has remained detectable in the
testes even when levels were undetectable in the blood secondary
to antiviral therapy (although this is not known to cause
increased transmission risk). This becomes especially important
in the study of viruses such as the Ebola and Zika, where
asymptomatic individuals may still be capable of sexual trans-
mission of the virus.
Sex-Based Differences in Immune Response
Sex-based differences in immune response present an

additional consideration for viruses that affect the repro-
ductive tracts. Increasing evidence suggests that the in-
tensity, severity, and mortality of viral disease differs
between genders.14 Literature examining this link has
generally observed that women mount a stronger immune
response to antigens, infections, and vaccines than do men.
This effect is most widely observed in the cytokine response
to antigens. On inoculation with viruses or direct stimula-
tion of immune Toll-like receptors 3, 7, 8, and 9, men
exhibit lower levels of proinflammatory interferon alfa and
higher amounts of anti-inflammatory interleukin 10.15

Helper T cells in men also demonstrate lower cluster of
differentiation 3 (CD3), CD4, and CD4:CD8 ratio than
those in women.14

The X chromosome contains many important genes for im-
mune function, including TLR7, CD40 ligand (CD40L), and
forkhead box P3 (FOXP3).16 Notably, it also contains the most
microRNAs of all chromosomes, which regulate protein-coding
genes and modulate cellular activities. The Y chromosome, by
contrast, uniquely contains none.17 And, although X inactivation
equalizes gene expression for most of the X chromosome, genes
within non-recombining regions may be expressed more in
women. In addition, other immune-regulatory genes present on
Sex Med Rev 2020;8:518e530
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both the X and Y chromosomes have unequal expression levels,
and tissue distribution between the sexes is perhaps due to sex
hormones.18,19

The first randomized controlled trial to separate the effect of
sex hormones and chromosomes was conducted by Palaszynski
et al20 in 2005, using mice in which the sex-determining region
Y (SRY) gene was moved from the Y chromosome to an auto-
some. This allowed separation of sex chromosome complement
(XX or XY) from gonadal type (ovaries or testes). The authors
reported that among ovariectomized (-SRY) mice, those with XY
had greater immune response than those with XX, suggesting
that the male complement was immune stimulatory. This effect
was not detected when comparing intact males (þSRY) with XX
and XY complements, suggesting that testosterone tempers the
effect of the XY complement. Supporting this, when testosterone
was added to the ovariectomized female (-SRY) XY mice, their
elevated immune response was suppressed.

In 2011, Robinson et al21 similarly found that the increased
immune response of female mice to influenza A was eliminated
by removal of the gonads. Although they did not find any im-
mune response to testosterone or dehydroepiandrosterone in
male mice, administration of high-dose estradiol attenuated the
induction of tumor necrosis factor alpha and C-C motif che-
mokine ligand by 10 times and resulted in increased rates of
survival compared with no or low-dose estradiol. Building on
this, administration of 17b-estradiol to female mice resulted in
less secretion of tumor necrosis factor alpha and interferon
gamma as well as decreased neutrophil recruitment, improving
disease tolerance.

Taken as a whole, current evidence suggests women exhibit
stronger immune response to viral infections than men. This
response typically manifests as better long-term outcomes and to
subsequent reexposure but also as more severe disease acutely.
The size of the effect can be substantial; in the H1N1 pandemic,
infected women suffered more than 2-fold risk of death than
men.22,23 Further exploration of the mechanisms behind the sex-
based differences may allow for modulation of the immune
response with hormone treatments.
Zika Virus

History of the ZIKV
The ZIKV was first recognized in 1947 in a sentinel monkey

from Zika forest, Uganda. The first suspected human case fol-
lowed in 1954, but the virus did not demonstrate mosquito-
borne transmission until 1962. In 2013, the ZIKV emerged in
Brazil during preparation for its upcoming international sporting
events, creating a large epidemic through the Americas. It entered
the continental United States in 2016 with cases in Florida and
Texas, peaking in 2017. No new cases have been reported since
2017. However, similarities to other Flaviviruses such as dengue
fever have made the virus difficult to recognize clinically, with
Sex Med Rev 2020;8:518e530
several epidemics first noted after rises in associated conditions
such as congenital microcephaly and Guillain-Barre syndrome.24
The ZIKV in Semen

The ZIKV was first suspected to be in semen following case
reports of travel-associated transmission to sexual partners in
non-endemic areas.25 Since then, multiple studies have
confirmed the presence of ZIKV RNA in semen by reverse
transcription polymerase chain reaction (RT-PCR).26e30 A 2018
prospective study by Mead et al27 found that semen was positive
with ZIKV in 33% of men, including 61% of those tested within
30 days of symptom onset. Infectious ZIKV was detected in
15% of RNA-positive semen samples collected within 30 days of
symptom onset, but 0% of samples obtained after 30 days of
disease onset were infectious. Evidence from Joguet et al28 and
Matusali et al31 suggests that the virus is particularly infectious to
spermatocytes, but Matusali et al31 also demonstrated in testis
explants that the virus can infect Sertoli cells and release infec-
tious particles on the adluminal side of the BTB.

Although the reported persistence of the ZIKV varies widely
from days to months after the onset of symptoms, it is widely
agreed that viral RNA persists longer in semen than in other
bodily fluids.26 This reflects a potential reservoir in the male
genital tract, perhaps because of the immune privilege of the
testes. Supporting this, a systemic analysis by Counotte et al29

reported a median duration of ZIKV RNA in semen of
40 days with a maximum of 370 days, vs 7 days in saliva and
14 days in the female genital tract. The persistence of ZIKV
RNA in men with vasectomies further indicates that the virus
may also replicate in distal genital tract tissues, such as the bul-
bourethral glands, prostate, and seminal vesicles.27

Several factors are noted to influence persistence of the viral
RNA in semen. In the analysis from Counotte et al,29 increased
persistence was associated with increased age, absence of joint pain,
conjunctivitis, and less frequent ejaculation. Conversely, men who
ejaculated more than 4 times a week cleared viral RNA more than
21 days earlier, and for men who reported vasectomies, although
the rate of viral RNA detection was similar, the viral load was
decreased from 5.6 to 3.6 log10 RNA copies per milliliter.
Evidence of Sexual Transmission

The first suspected case of sexual transmission of the ZIKV
occurred in 2008, when a male patient returned home to the
United States from Senegal.25 He developed symptoms of
arthralgia, rash, and hematospermia shortly after returning, fol-
lowed by his wife 4 days later. Serologic results confirmed Zika
infection, although only convalescent phase samples were posi-
tive in the wife, and semen samples were not collected. Although
it is possible that this transmission occurred via other bodily
fluids such as saliva, no other family members were affected.
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After the subsequent Zika outbreaks, in a systematic review
Moreira et al32 compiled demonstrated cases of sexual trans-
mission from men to women, women to men, and men to men.
Among the cases examined, sexual transmission was confirmed
with positive serum antibodies, Zika RNA in semen, and semen
cultures. In addition, they demonstrated that ZIKV RNA was
detected in semen as late as 188 days and infectious virus in
semen up to 69 days after symptom onset. Notably, 3 trans-
missions were from entirely asymptomatic patients, who repre-
sent the majority of Zika cases.

Further complicating the control of Zika transmission, a
prospective cohort study by Paz-Bailey et al30 demonstrated that
the virus exhibits intermittent shedding, making it difficult to
determine when an individual has cleared the virus. The number
of days between symptom onset and positive samples was up to
142 in serum, 204 in urine, and 36 in semen. Taken together,
these data represent potential challenges in preventing sexual
transmission of the virus, which is of particular concern in non-
endemic areas such as the continental United States where
mosquito-borne transmission is rare.24 Although mathematical
modeling suggests that sexual transmission alone is not likely to
drive or sustain a ZIKV outbreak,33 serial semen screenings may
be effective in preventing the Zika-associated congenital micro-
cephaly and Guillain-Barre syndrome in patients who are or wish
to become pregnant.
The ZIKV and Fertility
Several case reports have described genitourinary symptoms in

male Zika cases, although their impact on the male reproductive
system is as of yet unclear. In a cohort study, Paz-Bailey et al30

noted evidence of hematospermia (4.7%), painful ejaculation
(4.3%), and penile discharge (1.7%) in patients with the ZIKV,
suggestive of local inflammation and tissue damage. Although
fever cannot be excluded as a cause, mouse models suggest direct
tissue damage may be involved.34e36 Examining this effect,
Huits et al37 microscopically analyzed semen samples from pa-
tients with symptoms of the ZIKV in 2 cohort studies,
demonstrating macrohematospermia and microhematospermia
in 11 of 15 patients tested and transient oligospermia in 8 of 14
patients. Building on these results, Joguet et al28 monitored the
reproductive hormones as well as sperm count, motility, viability,
and morphology of patients with the ZIKV on days 7, 11, 20,
30, 60, 90, and 120 after symptom onset. They detected that
total and motile sperm counts were about 50% lower on day 60
compared with day 7 but recovered by day 120. The long-term
effect on sperm morphology is less clear. In the same study,
morphology characteristics recovered to normal by day 120.
Results also reflected an early increase of follicle-stimulating
hormone and inhibin B, which recovered over time. By contrast,
in a cross-sectional study after the 2016 epidemic in Brazil,
Avelino-Silva et al38 examined serum hormones and semen
samples in 6 patients 1 year after symptoms. In all patients,
serum hormones were normal, and semen RT-PCR RNA was
negative, but impaired motility was seen in all 3 samples tested
and low count was noted in 1 of 5 patients. Given the recency of
the Zika outbreaks, the long-term effects of the virus on fertility
characteristics should continue to be monitored.
Ebola

History of the EBOV
Ebola virus disease (EVD) first emerged in 1976 with 2

simultaneous outbreaks in Zaire (in a village near the Ebola
River) and in South Sudan, where it is thought to have originated
in African fruit bats.39 Recurrent outbreaks took place in 1994 in
Cote d’Ivoire and in 1995 in Kikwit, Zaire.39 Most recently,
2014e2015 saw a West African outbreak of unprecedented scale
in Sierra Leone, Liberia, and Guinea with greater than 28,500
cases and 11,000 deaths.40 The large number of EVD survivors
means that understanding its persistence in semen, its potential
for sexual transmission, and its fertility implications is a matter of
considerable importance for the control of viral spread.
EBOV in Semen

Across multiple studies, it has been shown that the cross-
sectional percentage of EBOV survivors of the 2014e2015
West African epidemic with a positive RT-PCR for EBOV RNA
in the semen ranges from 8.1 to 9.8%.41e45 With more living
EBOV survivors from this epidemic than ever before, this
number represents a considerable pool of individuals. While
disease modeling has shown that 50% of individuals will clear the
virus from semen at 115 days and 90% will clear it at 294 days,
viral EBOV RNA has been detected in the semen for as long as
965 days after initial infection.45,46 It has also been cultured in
the semen up to 82 days after initial infection.47

As expected, the percentage of individuals with a positive
semen RT-PCR for EBOV RNA has been demonstrated to
decrease in a predictable manner over time. Deen et al48 showed
in a cohort of 210 male adult survivors of EVD in Sierra Leone
that at 2e3 months, 100% of individuals had positive RT-PCR
results in semen; at 4e6 months, 65% had positive results; and
at 7e9 months, 26% had positive results. These results were
echoed by Keita et al41 in a study including 277 EVD survivors
in Guinea where 93.02% of individuals had positive RT-PCR in
semen at 3 months, 60.12% at 6 months, 27.68% at 9 months,
10.32% at 12 months, 0.96% at 18 months, and 0.06% at
24 months. Interestingly, limited data indicate that older men
may be more likely to have a longer length of time in which
semen is positive for EBOV RNA. Soka et al42 showed that men
older than 40 years of age were more likely to have a positive
semen test than men younger than 40 years of age.

Animal models have been used to further characterize the
presence of filoviruses in the gonadal tissue and have shown viral
infiltration of the testicular interstitium and the seminiferous
tubules. In situ hybridization (ISH) and immunohistochemistry
Sex Med Rev 2020;8:518e530
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performed on non-human primates (NHPs) infected with the
Marburg virus localized the virus to the interstitium between the
seminiferous tubules.49 In NHPs infected with EBOV, Perry
et al50 similarly showed viral replication in the interstitial tissues
of the reproductive tract, including the seminal vesicles, epidid-
ymis, prostate, and testis. Perry et al50 also identified the Mar-
burg virus in the seminiferous tubules of NHPs.51 Indeed, the
virus was found to be most prominently localized to Sertoli cells,
leading to breakdown of the BTB and inflammatory cell invasion
into the testicular environment. Another study in NHPs found
EBOV RNA to be localized to the tubular lumen of the
epididymis of 1 of twelve rhesus monkey sampled but did not
find any EBOV localized to the testis.52 In the lumen of the
epididymis, macrophages were found to be the EBOV reser-
voir.52 Overall, it appears that viral persistence may be estab-
lished in the interstitial tissues of the reproductive tract, where it
is transmitted by tissue macrophages across the BTB and into the
seminal fluid.
Sexual Transmission of the EBOV
Although the EBOV in the semen is clearly demonstrated, it re-

mains far less certain what potential the virus has for sexual trans-
mission. Since the first known outbreak of a filovirus (the 1967
Marburg virus), there have been 9 documented events of suspected
human-to-human filovirus sexual transmission.53 The first case of
suspected EBOV transmission occurred during the 1995 Kikwit
outbreak,wherein in a 20-year-oldwomanwas shown to haveweakly
positive IgM antibodies to IgM 52 days after exposure from her
convalescent partner. The individual was later negative for IgG an-
tibodies on a serum sample, making it difficult to confirm whether
she was in fact asymptomatically infected.47

In the West African outbreak, the first confirmed sexual
transmission occurred in March 2015. A man transmitted the
virus to his sexual partner 179 days after onset of EVD, which
was confirmed by whole viral genome analysis of his semen
compared with an acute blood sample of his female partner
where the samples were found to differ by only 1 nucleotide.54 In
October 2015, a suspected sexual transmission event occurred in
Conakry, Guinea.55 A man presenting with EVD was found to
have an EBOV genome that did not match the country's current
strain of transmission but instead differed by only 6 nucleotide
submissions from a sample of his brother-in-law's blood collected
during prior acute infection. The man's sister was positive for
EBOV IgM at the time of his infection; however, the trans-
mission could not be confirmed as her husband's semen was
negative for the EBOV at the time a sample was collected. It was
thought that the transmission from the male survivor occurred at
250 days after disease onset.

The longest recorded convalescent period before sexual
transmission occurred 470 days after disease in N'Zerekore,
Guinea in March 2016.43 The acute blood sample and semen
sample from the male survivor differed by 5 mutations from a
Sex Med Rev 2020;8:518e530
female sexual partner with acute EVD and 4 subsequent cases
from the disease cluster. In total, the sexual transmission resulted
in a cluster of 13 cases with 4 deaths. Sexual transmission from
the EBOV, while possible, remains a rare event. The World
Health Organization in their guide to clinical care for survivors of
EVD recommends abstinence or barrier protection during sexual
activity for 12 months after the onset of EVD.56
The EBOV and Fertility
Given the extremely high mortality associated with EVD and

the limited number of laboratories with the capability to study
such a pathogenic virus, there is much that remains unanswered
about the potential reproductive sequelae of EVD.57 In rhesus
monkeys, it has been shown that although Marburg infection
had a deleterious effect on Sertoli cells, the overall reproductive
function of the Sertoli cells was unaffected. Spermatogenesis was
unaffected, and tissue morphology was normal.51 Further studies
are needed to determine if semen parameters or reproductive
capacity are altered in male survivors of EVD.

Sexual health complaints are commonly reported among EVD
survivors. A health clinic for the management of EVD survivors
in Sierra Leone reported findings from a group of 246 patients
from 2015 to 2016. Of 98 men, 5.1% reported erectile
dysfunction and 10.2% reported loss of sexual desire.58 An EVD
survivors’ clinic in Liberia reported on 329 EVD survivors from
2015 to 2017. In this cohort, which included 135 men, 8%
reported erectile dysfunction, whereas 12% reported decreased
libido.59 The causal mechanism for these complaints remains to
be determined. Although physiologic conditions can play a role,
it is also likely that psychosocial factors including residual stress,
trauma, stigma, and grief contribute as well.

West Nile Virus
The WNV was first recognized in North America in New

York City during the summer of 1999.60 The virus was previ-
ously known to cause small human outbreaks in Africa and the
Middle East but has now established itself as a major worldwide
seasonal pandemic.61 Between 1999 and 2018, there have been
50,830 documented cases of the WNV in the United States,
with particularly high-intensity seasonal outbreaks in 2002 and
2003.62 The most concerning sequelae of the WNV is neuro-
invasive disease, which occurs in less than 1% of infected in-
dividuals but carries a 10% fatality rate.63
The WNV in Semen

There is very little evidence to suggest that WNV is present in
semen. While WNV infection in blood, cerebrospinal fluid, and
urine has been well studied, to date, there is only 1 study that
describes the evaluation of the WNV in semen. Gorchakov
et al64 examined 4 semen samples from 3 patients for presence of
WNV RNA. Samples were collected a median of 20.5 days after
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onset of viral illness symptoms. One of the 4 samples was
positive.

The WNV has been further studied in a cultured line of
human Sertoli cells. When the WNV was introduced to these
cells, it was noted that the Sertoli cells supported a robust WNV
infection with titers comparable with that of the ZIKV, a
pathogen known to have high infectivity in semen.65 In a small
case series presenting postmortem autopsy results for individuals
deceased from neuroinvasive WNV, the WNV was identified by
immunofluorescence in the testes and prostate in 1 of 4 men
examined.66 This individual was 43 years of age and on chronic
immunosuppression secondary to a kidney transplant, raising the
possibility that immunosuppression could contribute to wider
systemic dissemination of the disease.

Owing to the limited nature of currently available evidence,
further studies are needed to assess larger sample size populations
before any definitive conclusions can be drawn about the pres-
ence of the WNV in semen. Nevertheless, the studies presented
suggest that the WNV in semen is a possibility that bears further
investigation. Analysis of semen during the period of acute illness
is also needed to assess semen infectivity at that time.
Sexual Transmission of the WNV
Given the poorly established evidence that the WNV is even

present in semen, it follows that the possibility of sexual trans-
mission is even less well characterized. There is only a single case
report of male-to-female possible sexual transmission of WNV
when a previously healthy middle-aged woman developed viral
meningoencephalitis 2 weeks after unprotected intercourse.67

Her husband had serologically confirmed WNV. Although no
mosquito bite was reported, the women lived in a mosquito
endemic area. Interestingly, the Food and Drug Administration
recommends that all donor semen for assistive reproductive
technology be tested for the WNV using a nucleic acid test in
any donation made between June 1 and October 31 each year,
the season when the virus is most active.68 Further work is
needed to determine if this type of testing should be made more
routinely available to men with confirmed WNV desiring to
father a pregnancy.
The WNV and Fertility
The only available report of a possible compromise in fertility

from the WNV comes from a case report of an autopsy on a 43-
year-old man deceased from the WNV.69 In this case, thickening
of the tubular basement membrane was observed with frequent
foci of tubular necrosis and absence of spermatogenesis. Immu-
nohistochemical staining did not identify WNV antigen in
testicular tissue; however, transmission electron microscopy
(TEM) of formalin-fixed testicular tissue did reveal enveloped
particles fitting the size, structure, and location of Flavivirus
particles, leading the authors to speculate that this was likely
WNV causing orchitis. No studies could be identified reporting
on semen parameters during or after acute WNV infection, and
no studies could be identified detailing possible changes in sexual
function. More evidence is required to substantiate a link be-
tween the WNV and reduced fertility.
H1N1/Influenza

History
The influenza virus is among the most common infectious

illnesses worldwide. The virus came into prominence among
humans and pigs in the 1918 pandemic, shortly after mutations
of avian strains enabled transferal to humans and pigs.70

Amplified by the movement and proximity of World War I
soldiers, the virus soon infected 500 million people and killed 50
million, more than the military and civilian deaths of World War
I combined. Since then, type A influenza has produced pandemic
outbreaks in 1957, 1968, and most recently in 2009. These
events are triggered by reassortment in avian or swine reservoirs
of genes for key hemagglutinin (H) and neuraminidase (N)
surface glycoproteins, by which the virus is subtyped. The H1N1
and H3N2 strains of type A influenza currently circulate among
humans, which along with influenza B cause seasonal flu (WHO
2020). Notably, in the 2009 H1N1 pandemic, young people
were particularly at risk, whereas 1 of 3 older than the age of 60
years had antibodies, likely from a historical infection or vacci-
nation with a similar strain.71
Influenza in Semen
The presence of influenza in semen has not been reported.

However, the virus demonstrates extrapulmonary symptoms in
many major organ systems, a large number of which have since
been found contain to functional influenza receptors.72,73 No
studies to date have explored if those receptors are present in the
human genital tract, but such tropism has been noted in tur-
keys.74,75 Given the variability of viral tropism among animals,
further work is need to explore whether such tropism exists
among humans or is reflected by the presence of viral particles
and RNA in semen.
Sexual Transmission of Influenza
There is a similar dearth of information on sexual transmission

of influenza, possibly because of other, more likely routes of
infection. Evidence suggests that while infection by direct con-
tact is possible, it is not likely to be a significant mechanism
compared with transmission via aerosol and respiratory drop-
lets.76 These airborne routes are both particularly infectious
Sex Med Rev 2020;8:518e530
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within close contact and should deter high-risk populations from
sex during the duration of viral shedding.
Influenza and Fertility

As a pyrogenic virus, influenza affects sperm quality.
MacLeod77 noted that medical students who presented with
febrile illness had decreased sperm count, motility, and
morphology parameters. Morphology and motility recovered at
4 weeks, as did sperm count at 8 weeks.78 Buch and Havlovec78

reported a case of a semen donor who suffered a 24-hour febrile
viral illness, who then had decreased sperm count and reduced
egg penetration ability 6 and 7 weeks later. Other studies have
found similar effects from non-febrile heating such as saunas or
laptops.79,80

A 2007 case study by Sergerie et al81 first detailed the timeline
of genital tract effects following febrile influenza. After 2 days of
high fever due to the virus (39 e40 C), a 47-year-old man had
decreased total sperm count at days 15, 37, and 58 before
normalizing at day 79. Motility percentile was similarly decreased
but recovered sooner at day 58. The authors measured the DNA
fragmentation index and found it to increase from 9% before the
fever to 24%, 35%, 15% and 8% at 15, 37, 58, and 79 days,
respectively. Sperm DNA fragmentation by terminal deoxy-
nucleotidyl transferase dUTP nick end labeling (TUNEL) assay
increased from 17% before fever to 23% at day 15, but this was
not statistically significant (P < .05). Evenson and Jost82 found
that underlying DNA changes included decreased free SH groups
and alteration of nuclear protein composition, causing latent
effects on sperm chromatin structure and stability.

Murine models suggest that the viral particulates are also
damaging. Sharma et al83 first intraperitoneally inoculated
mice with influenza A2 and recorded a significant increase in
numerical and structural alteration of meiotic chromosomes,
particularly aneuploidy. Subsequent mouse studies noted
similar DNA damage was induced by both inactivated and
purified influenza indicating a possible direct cytotoxicity by
the viral particles.84 Therefore, while evidence argues against a
local inflammatory response,3,85 the transient sperm changes
observed are likely due to a combination of systemic fever and
direct DNA damage resulting in apoptosis and a transient
decrease in fertility.
Severe Acute Respiratory Syndrome

History
SARS is respiratory disease caused by a novel coronavirus that

first appeared in the Guangdong province of southern China in
2002. The virus rapidly became an epidemic and spread globally
to 26 countries and 8,000 people before being contained in
2003. Subsequent research uncovered a natural reservoir within
Sex Med Rev 2020;8:518e530
horseshoe bats and civets acting as an intermediate host in local
meat markets.86 Although no cases have been reported since
2004, the presence of this animal reservoir, the high reported
case-fatality rate (7%), and a single reappearance of the virus have
driven continued monitoring of the virus near its site of origin.87

SARS in semen investigation into the effect of novel corona-
viruses on fertility began after the discovery that angiotensin-
converting enzyme 2 (ACE-2), which is expressed in the testis,
acts as a functional receptor for the SARS virus.88,89 Zhao et al90

first reported detection of the virus within testicular epithelial
cells and Leydig cells through combined ISH and TEM. How-
ever, no other research teams have been able to mirror these
results.91e93 Ding et al91 examined all tissues that express ACE-2
in 4 autopsies of patients with SARS and were surprised to find
that the testes were uniformly negative for the SARS RNA and
signature N protein despite high levels of ACE-2 expression in
the testes. Similarly, Gu et al92 noted focal testicular atrophy in
all 8 autopsies with confirmed SARS but found no evidence of
SARS in parenchymal tissue by ISH and TEM. Therefore,
although semen has not been directly examined for SARS, in-
direct evidence suggests that it is unlikely to be a reservoir.
Sexual Transmission of SARS
Similar to other respiratory viruses, SARS spreads most readily

through respiratory droplets, fomites, and aerosol.86 To date, no
sexual transmissions of SARS have been reported. Given that
most studies do not find SARS in genital tissues, any trans-
mission of SARS after intercourse is more likely due to direct
contact and close proximity rather than through genital
secretions.
SARS and Fertility
A mechanism for genital injury from SARS was furnished in

2006 by Xu et al.93 They analyzed the pathologic changes in
testicular autopsy specimens from 6 patients with SARS
compared with those of 4 controls. All 6 patients with SARS
demonstrated testicular atrophy grossly. The SARS samples
exhibited extensive germ cell destruction with increased
apoptosis on TUNEL assay. Histologically, basement membrane
thickening, peritubular fibrosis, leukocytes, and vascular
congestion indicative of local inflammation were noted. ISH that
produced positive readings in the lungs of the patients with
SARS was negative in the testes. However, extensive deposits of
IgG were detected within the seminiferous epithelium, inter-
stitium, Sertoli cells, and some germ cells of patients with SARS
compared with controls. This potentially represents an autoim-
mune orchitis secondary to the immune response to SARS.

Further research is needed to explore this possibility and the
persistence of orchitis. In addition, data are needed to ascertain
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whether the germ cell destruction in SARS-associated orchitis is
reflected in semen characteristics.
Severe Acute Respiratory SyndromeeCoronavirus-
2

History
SARS-CoV-2 is a novel coronavirus known to cause the dis-

ease “coronavirus disease-19” or “COVID-19”. It emerged in late
2019 in Wuhan, Hubei Province, China, and likely has its origin
in bat populations.94 On March 11, 2020, the World Health
Organization declared COVID-19 to be a worldwide
pandemic.95 It has been estimated to cause severe disease in 16%
of cases.96 Older individuals are particularly susceptible to severe
illness, with 80% of deaths occurring in individuals aged 65 years
and older.94
SARS-CoV-2 in Semen
Given the recent and novel nature of the COVID-19

outbreak, data remain limited. Thus far, there are mixed find-
ings regarding the presence of SARS-CoV-2 in semen. Pan et al97

have reported a case series of 34 adult Chinese men diagnosed
with COVID-19 who showed no SARS-CoV-2 in semen at a
median follow-up of 31 days. Unpublished data from 12 Chinese
patients in recovery from COVID-19 showed no SARS-CoV-2
in RT-PCR of semen.98 Testicular biopsy from 1 deceased in-
dividual in this study likewise was negative for SARS-CoV-2 viral
RNA. In addition, Paoli et al99 showed negative RT-PCR in
both urine and semen samples of an individual who tested
positive for SARS-CoV-2 by nasopharyngeal swab. In contrast,
Li et al100 reported that 6 of 38 (15.8%) patients in a cohort of
patients in Shangqiu, China, had virus detected in their semen by
RT-PCR. Of them, 4 were in the acute stage of infection, and 2
were recovering from the virus. In providing analysis and com-
mentary on these findings, Paoli et al101 nevertheless recom-
mended that the small caseload and recency of infection in
patients should give readers caution before drawing sharp,
fatalistic conclusions. Further studies will be essential to confirm
these findings.
Sexual Transmission of SARS-CoV-2
Although SARS-CoV-2 is not known to be present in

semen, precluding the ability for sexual transmission, the
intimate nature of physical sexual contact still dictates caution
to prevent viral spread. Given the presence of SARS-CoV-2 in
respiratory droplets, saliva, mucus, and fecal matter, as well as
current recommendations to maintain 6 feet of distance be-
tween individuals to prevent the spread of infection, physical
sexual intimacy presents a high-risk scenario for viral trans-
mission, particularly for non-monogamous partners who do
not live with one another.94,102
SARS-CoV-2 and Fertility

In the Chinese case series reported by Pan et al,97 6 in-
dividuals (19% of the cohort) described scrotal discomfort
around the time of onset of viral illness, suggesting SARS-
COV-2 may induce a viral orchitis. Studies on semen qual-
ity from COVID-19 survivors have not yet been reported.
Chen et al103 have proposed a theoretical link between
COVID-19 and reduced fertility based on the virus’ strong
interaction with angiotensin-converting enzyme 2 (ACE2).
Molecular modeling conducted by the authors showed the
virus have a unique structure that allows it to penetrate deep
into the hydrophobic pocket of ACE2. ACE2 is highly
expressed in the renal tubular cells, the intestines, Leydig cells,
and the seminiferous ducts in the testes, raising the possibility
that the virus may have a deleterious testicular effect.104 By
contrast, Pan et al97 demonstrate with single-cell transcriptome
data that ACE2 RNA is sparsely expressed in the testis and
argue that this is an unlikely medium of viral entry into target
host cells. Even so, it is still unknown exactly what function
ACE2 serves in the testis.104 Corona et al105 analyzed these
studies and recommended that those of reproductive age
consider andrological consultation and evaluation before safely
pursuing reproduction. Larger studies will be imperative to
understand currently conflicting evidence and to deduce what
potential fertility SARS-CoV-2 may have.
DISCUSSION

In this article, we have reviewed the presence in semen, pos-
sibility of sexual transmission, and fertility implications of each of
the major recent viral pandemics: Zika, Ebola, West Nile,
pandemic influenza, SARS, and SARS-CoV-2. The ZIKV has
been reported in semen up to 370 days after disease onset but
appears to be present for a median time of 40 days for most
individuals. Sexual transmission of the ZIKV has been repeatedly
documented, even among entirely asymptomatic individuals, and
is of particular concern given its ability to microcephaly in a
developing fetus. Short-term fertility may be negatively affected
by the ZIKV based on several reports of reduced sperm count,
altered morphology, and impaired mobility in semen samples.
Fortunately, this effect appears time limited.

The EBOV has also been detected in semen, with studies
indicating its presence for an average of 115 days, with a
maximum reported duration of 965 days. Reports of sexual
transmission remain rare, with only 9 suspected cases docu-
mented in the history of the virus. Semen parameters do not
appear altered, although a proportion of survivors decreased
sexual function and diminished libido.

The WNV has only been reported in semen or to be trans-
mitted sexually in isolated case reports. Likewise, only a single
autopsy report suggests the possibility of WNV-induced orchitis.
Influenza, a respiratory pathogen, has not been found in semen
Sex Med Rev 2020;8:518e530
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or been shown to be sexually transmissible. Research demon-
strating its impact on fertility has focused on the effects of febrile
illness on semen parameters, showing that febrile episodes are
linked to transiently decreased sperm count, motility, and
morphology.

The SARS virus has not been shown to be present in semen,
but several small case series of autopsy reports have found
testicular damage and atrophy in individuals deceased from
SARS, which may be linked to secondary autoimmune orchitis.
SARS-Cov-2, the most recent viral pandemic included in this
review, is expected to behave similar to SARS virus, but further
data are required to validate these assumptions. Current evidence
from small case series shows that it is not present in semen and
thus is unlikely to be sexually transmitted. For both SARS and
SARS-CoV-2, there is speculation that the viruses’ interaction
with ACE2, which is present in the Leydig cells and the semi-
niferous ducts of the testes, could have implications for sper-
matogenesis. Further studies are needed to explore this
possibility.
CONCLUSION
We have reported the presence in semen, sexual transmission

potential, and fertility side effects of recent viral pandemics.
Overall, semen studies and fertility effects are highly under-
studied in viral pandemics, and rigorous study on these topics
should be undertaken as novel pandemics emerge. Specifically,
further semen studies and fertility studies are needed to under-
stand the transmission potential and fertility side effects of the
novel SARS-CoV-2.
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